Abstract. Energy and environmental safety are problems of first greatness faced by our global economy. This article discusses how the use of capacity planning can be applied to afford energy efficiency.
Introduction
Energy and environmental safety are problems of first greatness faced by our global economy. Fossil fuels, particularly the raw oil, can be found for commercial exploration in some areas of the world and the continuity of its supply is governed through dynamic factors such as: political, economical and ecological.
These factors conspire to generate a climate of instability that produces high prices of fuels on one side while, at the same time, an environmental politics is demanding a reduction of emissions of poisonous gases and of greenhouse effect. Still, the increase of the growth and a larger demand for the well-being on the part of the developed and in development countries are factors that are exercising a larger pressure on the use of sources of energy.
In particular, a great fraction of new consumers in developing countries already reached a high purchasing power enough to guarantee them the world access to any article type and market of energy. This high power of purchasing impels the consumption of energy and the competition for all of the types of resources or goods.
Such a tendency, although in the beginning it can represent a progress in relation to conquest of the wealth distribution and well to be as well as in such necessary social equality, it is contributing in the moment to these countries to have hurry for the appropriation of available resources that are directly and indirectly connected to the consumption of energy. Consequently, if this fact doesn't go appropriately understood and managed it can be an important factor to generate a planetary instability.
This article shows how the use of capacity planning can be applied to reach a better efficiency of energy for any product that we are developing. Provide a better efficiency of energy in our systems contributes to a more rational use of the energy that we produced and this has a positive immediate reflex in a maintainable development of our planet.
This research work originated from an application developed in a previous project denominated MetaMos. This proposal and results were described in Pepplow (Pepplow ET AL (2010)). The MetaMos project generates a Model of Representation of the applied knowledge in the construction of a Base of Knowledge that uses Ontology as methodology to represent and to formalize the knowledge in the domain of modeling of physical systems. The use of Ontology makes possible the representation of the models of components and of engineering systems starting from a base of models previously defined, for subsequent simulation and analysis of its dynamic behavior.
The purpose of this work is to make possible the construction of models of engineering systems to evaluate the alteration possibilities in projects already existent or in projects of new products addressed to the improvement of the energy efficiency.
The Process of Development of Products and the Modeling and Dynamic Simulation
A process of development of products (PDP) can be divided in phases, in which are evaluated the life cycle of a product, from the conception to the final destination with its discard. In the first phases the functional characteristics are detailed and it is transformed the customer's requirements to the requirements of the product. It is necessary to obtain a solution of Engineering to attend to technical conditions and of acceptable period of developing. To aid the engineer in the developing decision process models are adopted. A model is a representation of a system of interest, similar, however much simpler than the system that it represents, in which we look for to establish commitment relationships between realism and simplicity, attending to fidelity requirements so that the same ones are validated correctly.
In the classic literature that treats on models, Back (1983, 2008) , describes important aspects that justify their adoption: (i) it is very costly and nothing practical to build all the alternatives of the physical system until to find a satisfactory solution; (ii) the construction process of some systems can be destructive and dangerous; (iii) the precision of the process can be increased by the improving of the model, because when the problem is simplified, there are more conditions of acting on it; (iv) it is possible, in a short time, to do an exam of the situation of many variables, determining their real performance; (v) with the crescent progress in the computational field, that provides a fort support to the modeling, several combinations of variables can be analyzed faster and economically.
For products that involve power transmission, normally representation models are defined with the requirements of the product and with the definition of the physical system (PS) that represents it. In those diagrams, that can be classified as analogical models, the solution alternatives are represented through standardized symbols, as for example, diagrams pneumatic, hydraulic, electric, electronic, etc, or their associations.
The modeling can also be used for aesthetic analysis or tests made by prototypes in laboratory (models in reduced scale or real size), or still, we can use it as the mathematical modeling that provides the analysis in dynamic simulation through a numeric solution with the use of a group of equations that describe a determined dynamic behavior of the physical system.
According with Back et al (2008) and Betini (1993) , in the mathematical modeling there is the code of a series of equations with entrances, parameters and variables to characterize the existent or projected system to be investigated. These mathematical models can be applied in computational environments that use different modeling and simulation techniques to represent the system to be evaluated, with the purpose of representing a process or operation of the real world and this model allows to evaluate the performance of the system in different conditions.
To aid the process of development of products, as well as under the focus teaching-learning, it is justified the use of the modeling and dynamic simulation (MDS) of engineering systems in virtual atmospheres. This is made in the sense of providing an alternative, even before the physical construction of the product, to evaluate the dynamic behavior of physical parameters that interfere in its operation and in the energy efficiency of its subsystems.
For the development of this research, the modeling used for analysis of the dynamic behavior uses only one dimension. For example, the analyses of dynamic behavior of a hydraulic system in terms of pressure, flow, power, speed, etc, are only considered in function of the time. A computational tool that attends to the requirements of this project is the modeling environment and dynamic simulation called AMESim. AMESim 1 permits the access to the information contained in the models of several systems and components already represented and validated in the different energy domains sufficiently robust and wide, tested in industrial and academic applications. In their libraries it is available a wide documentation that describes the engineering, the equations of the mathematical models that represent a certain dynamic behavior of the components and their possible applications, as well as the identified causality relationships through represented external variables.
A process of virtual MDS makes possible the analyses of sensibility of a system to evaluate its behavior under different values of parameters of project. In terms of energy efficiency they allow to verify the values of losses for heating effect so much in mechanical systems (for instance, attrition) as in the electric systems, (for instance, in the variation of the ohmic resistance, of the inductances and of the capacitances) and in the gains of performance provided by control systems, etc.
An Example of Energy Efficiency via Modeling and Dynamic Simulation
Inside of the proposal of the use of the modeling and simulation for the analysis of energy efficiency, it is used as example the modeling of an elevator prototype built by students of the Federal Technological University of Paraná. This was chosen due to its small size, facilitating tests in laboratory and at the same time, it possesses several physical effects that can be represented in a simulator. Once validated the methodology for this specific case, it is possible to apply the model in other situations where this analyzes is of interest.
The object of study is the system of elevation that consists of a CC motor of permanent magnets coupled through a belt to a second axis. This axis for its time is coupled to a pulley that makes the elevation of a mass through a rope. The control is accomplished by a controller of the PID (proportional, integral and derivative) type, in which the control sign is defined by a potentiometer close to the controller and the sensing is made by a potentiometer coupled to the axis of elevation of the mass.
The first stage is to analyze the proposed system and to represent it by a diagram that identifies its components and subsystems. The second phase is to verify which are the physical phenomena associated to the dynamic behavior that should be associated and represented for each component. The third phase consists of verifying which available models in the AMESim platform, best represents the phenomena and considered dynamic behaviors.
To exemplify the application of the mentioned stages, we present the defined analyses for modeling of the DC motor. The defined motor is of permanent magnet. In AMESim there is an specific model for this machine type denominated EMDCPE01. According to the available documentation, in that model are considered the resistance effects and inductance of the armor, the Back Electromotive Force(BEMF) and the thermal losses in the rolling up. However other elements should be added to represent the inertia of the rotor, the losses for attrition and the flow of heat through the carcass of the motor.
The component THPC00 represents the thermal model of the carcass of the motor. The transmission of heat is done by the transport in a radial element, having as parameters the material type, the diameter and the thickness of the carcass of the motor.
According to Halliday, Resnick and Walker (2003, p. 104), the increase of the temperature of a cupper conductor will do with its resistance increases (effect that can be considered in the model). Like this, the flow of heat can be one of the factors to be simulated to verify its effect in the performance of the system.
The losses of heat for the atmosphere are considered by the component THCV3, that calculates the change of heat for convection, considering the contact area (external area of the carcass of the motor) and the properties of the fluid (air).
The scheme implemented in the AMESim with the indication of the subsystems and of the respective models of components that compose the elevator elevation system is represented in Figure 1 . We emphasized the DC, control, sensor, coupling and elevation subsystems represented in the sketch mode of the AMESim. there is relevant information supplied by the software that is the causality relationship. Based on this relationship, when establishing or finishing a connection between two components, when certified the compatibility of the domain, it allows a correct association in the choice of these components.
Another considered parameter is the moment of inertia of the rotor. The chosen component is RL02, where it is just considered the inertial effect. For being located in the same axis, the inertia of the pulley (where the torque is transmitted for the belt) it is also considered in this component. According to Sinhá (2010, p. 5), the inertia stores the energy and it doesn't dissipate it, therefore there is no losses if that parameter be considered separately, however depending on the answer requirements, as larger is the inertia, larger will be the amount of energy to accelerate the rotor, and larger will be the energy to decelerate it. Like this the inertia should be analyzed with the control characteristics, to verify its influence in the motor performance.
The last effect to be considered in the motor is the friction. Some authors as Ogata, just consider the effect of the viscous attrition when modeling a DC motor, despising the static attrition and the friction of Coloumb. The existent motor in the prototype of the elevator is a motor whose time of use and the maintenance lack damaged are effects that will be considered.
In AMESim there are models that do not consider the friction with the moment of inertia reducing the number of used components. But in this study the two effects will be considered in separate components due to larger flexibility of a structured model like this one. Considering these factors the model FR1R030 was chosen to represent the attrition. In this model it was considered the effect Stribeck besides the three forms of friction mentioned previously, according to the documentation of the AMESim program. Also there is the option of creating a function for the percentile variation of these parameters.
The models used associates to the respective considered effects are presented in the Table 1 .
To improve the efficiency of the motor it is necessary to verify in the system where there are the losses of energy. According to the documentation of the program, thermal losses are considered in the rolling up of the motor with the increase of the electric resistance and temperature.
As example of preliminary analysis to verify as increasing the efficiency we can cite the Attrition, a source of losses, existent among the movable parts in the mechanical system of the motor. In the same way there are also losses in the places where the slipping exists, because the potency of the motor is not transmitted integrally to the load. The control is built starting from the sensor sign and a reference sign, applied to a PID controller. The parameters can be defined in such a way to obtain a better relationship between performance and efficiency of the system. In this study the losses were not considered in the controller and in the actuator, however for other cases it is possible to change the ideal source of voltage for a static converter where the performance of the actuator can also be considered in the analysis of energy efficiency.
During the simulation, several parameters can be varied so that we can verify the responses in the efficiency of the system. In the following, it is described the analysis made to verify losses in the DC motor. Table 1 : Description of the association among the A to Q components of the physical system considered. Description of the representation models in the virtual environment and the respective physical effects considered in the representation. Represents the inertia of the pulley and the attrition of the axis with the base, in the system of withdrawal of the rope with the weight of the load. J Potentiometer RN00A, RL24, ADT03
Component Adopted Model Considered Effects
Represents a way to simulate the multiple turns of the potentiometer sending a position sign for the controller to elevate or to go down the load. K Input sign UD00 Represents the sign generated by the potentiometer to simulate the action of the operator of the elevator. L Controller PID001 Represents the PID Controller, which compares the reference sign with the sensing sign generating a actuation sign. M Saturation SAT0 Represents the saturation of the control sign limited by the feeding of the controlling system. N Actuator EBV01 Represents an ideal source of voltage applied to the feeding of the motor in agreement with the sign of actuation of the PID Controller. O Constant CONS00 Represents an attrition constant applied to the H model. P Constant CONS00 Represents a constant that defines the relationship torque/angular speed of the F model. Q Function FX00 Represents a function where the value of attrition of the E model depends on the angle of the rotor.
The current that was consumed by the motor to move the mass is shown in Figure 2 .
Conclusion
In this study the losses were not considered in the controller and nor in the actuator, however for other cases it is possible to change the ideal source of voltage for a static converter where the performance of the actuator will also be able to be considered in the analysis of energy efficiency of the project.
With the aid of the modeling environment it is possible to make a sensibility analysis to foresee the behavior of a system for different values of a certain parameter. In the system in analysis were defined three coefficients of different attrition in the model of the elevation system.
From the analyzes of sensibility used as example, it can be concluded from the Figure 2 that the smallest current consumption was observed in the situation where the attrition is intermediate, in other words, in the smallest current in module (0,2A)). With the increase of the attrition from 1Nm/[rev/min] to 5 Nm/[rev/min] the opposition force to the displacement help to sustain the load that is being high, reducing the torque to be applied by the motor. On the other hand the attrition is also opposed to the torque exercised by the motor. The tool AMESim can be used to determine in which situation the motor consumes less energy supporting in this way its project and construction.
